RESEARCH
Various genetic syndromes, birth defects and acquired diseases are characterised by abnormal shape and size of the chest and site of the nipples. These abnormalities may be evident in longitudinal measurement as a short sternum, or in horizontal measurement as deviations in chest circumference and widely spaced nipples. Kyphosis and pectus excavatum are two such acquired or congenital deformities, and what appeared to be widely spaced nipples have been noted in several birth defects, including Turner syndrome, Noonan syndrome and Edward syndrome; [1] however, this finding was not always confirmed when actual measurements were made. [2] Closely spaced nipples have often been noted in Jeune syndrome (asphyxiating thoracic dystrophy) and cerebrocostomandibular syndrome. [3] Internipple distance, head circumference, inner and outer canthal distance and anteroposterior and transverse ocular distance are some important measurements when diagnosing dysmorphology. [4] The internipple index (internipple distance (cm) × 100 ÷ circum ference of chest (cm)) has been proposed as a means of assessing the distance between the nipples. [5] The internipple index stays constant during various gestational ages, and an index >28% (>2 standard deviations (SD)) at any gestational age in the immediate postnatal period is considered consistent with widely spaced nipples. [6] Feingold and Bossert [7] were the first to publish certain selected anthropometric parameters, including internipple distance, based on measurements of 2 403 American children aged 0 14 years. These values are generally considered standards. Hassan et al. [8] studied 133 newborns of various gestational ages, finding a progressive increase in internipple distance with gestational age. Ejiwunmi et al. [9] showed that Nigerian neonates had shorter ears, more closely spaced nipples and a lower ratio of internipple distance to chest circumference compared with neonates in the USA. Racial and geographical differences may affect these less commonly used anthropometric parameters, and insufficient data on the subject are available. We therefore undertook the present study to establish normal standards for internipple measurements in term Indian newborn infants.
Objectives
To measure internipple distances and indices in term newborns within first 3 days of life, and to correlate these measurements with gender, birth weight, body length, chest circumference and gestational age.
Methods
After obtaining institutional ethical committee approval, a cross sectional study of 1 077 newborn male and female infants was done at a tertiary hospital in North India. All clinically stable babies born at term (37 41 completed weeks' gestation) and weighing ≥2 500 g were recruited after the purpose and procedure of the study had been explained to the parents and their written informed consent had been obtained. The babies were drawn from the postnatal wards and the neonatal intensive care unit.
Gestational age was calculated from the first day of the mother's last menstrual period, and was also assessed clinically using the Ballard Score. [10] If there was disparity of 2 weeks or more, the gestational age according to the Ballard Score was used. Neonates with any gross congenital anomalies or dysmorphic features were excluded from the study.
All measurements were taken between 6 and 72 hours of age, 45 60 minutes after feeding while the baby was quiet, by a single observer (PD) to avoid interobserver bias.
Anthropometric measurements
The infants were weighed without clothes on a digital scale (Goldtech digital) with a sensitivity of 10 g. Total body length was measured to the nearest 1 mm on a flat surface, using an infantometer by standard method. Internipple distance was measured between the centres of the nipples using a divider, with blunted legs to prevent injury, and measuring the distance with a nonstretchable measuring tape with 1 mm graduations. Chest circumference was measured at the level of the nipples as close as possible to the end of expiration, using a nonstretchable measuring tape. The internipple index was calculated using the formula given above. Background. Anthropometric parameters such as the distance between the nipples and the internipple index are important signs of some genetic disorders. Indian data on these measurements are scarce. Objectives. To determine internipple distance and the internipple index and their correlation with gender, birth weight, length, chest circumference and gestational age in term Indian newborns. Methods. Internipple distance was measured and the internipple index was calculated in 1 077 fullterm newborn infants of both genders within 72 hours of birth at a tertiary care hospital in North India. The chest circumference was measured and the internipple index was calculated. Values for male and female infants were compared and correlated with weight, length, chest circumference and gestational age. Results. The mean internipple distance (± standard deviation) was 8.5±1.4 cm and the mean internipple index was 27.04±3.5% in male and female infants taken together. The 3rd and 97th percentile values for internipple distances were 7.3 cm and 9.5 cm, respectively. Male infants had a larger mean internipple distance than females (p=0.03), but the two groups had a similar mean internipple index. Weight, length, chest circumference and gestation had a positive correlation with internipple distance and internipple index in both genders (p<0.05). Conclusion. The mean internipple distance at birth in term Indian infants was 8.5 cm. Nipples can be considered widely spaced if >9.5 cm apart (>97th percentile) and narrowly spaced if <7.3 cm apart (<3rd percentile). Internipple distance tended to be significantly greater in male neonates than in females.
Internipple measurements in Indian neonates

Statistical analysis
Data were analysed using SPSS software version 17. Means and standard deviations (SDs) were calculated for all the measurements and for both genders. We used a curvefitting method to find the relationship between internipple distance and weight, length, chest circumference and gestation. In all cases the linear relationship was better than the non linear relationship such as quadratic, exponential, cubic and logarithmic.
To assess the independent effect of the above measurements, we used multiple linear regression analysis with a stepwise method, taking p<0.05 to include independent variables into the model and p>0.1 to remove them from it. We also assessed the correlation between birth weight, length, chest circumference and gestational age to rule out colinearity. All the bivariate correlations between measurements were <0.8, suggesting there was no colinearity, and all of them were included in the model.
Internipple measurements corresponding to the <3rd and >97th percentiles were taken as significant deviations from the normal and regarded as abnormally narrow or wide.
Results
Mean weights, lengths, internipple distances, chest circumferences and internipple indices for the study group as a whole and for the males and females separately are set out in Table 1 . Male infants had greater distances between the nipples and larger chest circumferences than females, and these differences were statistically significant (p=0.03 and p<0.01, respectively). Internipple indices were similar in males and females (p=0.414).
There was a significant positive correlation of weight (r=0.478), length (r=0.542), chest circumference (r=0.659) and gestational age (r=0.128) with internipple distance (p<0.05). When stepwise regression analysis was applied, all four parameters were found to be significant. The standardised coefficient showed that chest circumference was highly correlated with internipple distance after adjusting for weight, length and gestation (β=0.530), whereas weight was negatively associated with internipple distance after adjusting for length, chest circumference and gestational age. The overall adjusted R 2 was 0.487, which explained the approximately 50% variance in internipple distance values.
Percentile values for internipple distance and internipple index are given in Table 2 . Internipple distances of 7.3 cm (7.4 cm for males and 7.2 cm for females), 8.5 cm and 9.5 cm corresponded to the 3rd, 50th and 97th percentiles, respectively. The internipple index was 24.0% for males and 23.8% for females at the 3rd percentile, 27.0% for males and 26.9% for females at the 50th percentile, and 30.2% in both genders at the 97th percentile.
Discussion
Abnormal position of the nipples is one of the many parameters that define dysmorphology. Widely spaced nipples are seen in several genetic disorders and other conditions, such as Turner syndrome, [1] and closely spaced nipples are associated with Jeune syndrome and cerebrocostomandibular syndrome. [3] According to Collins, [2] the subjective observation of wide nipple spacing is not sufficient, and should be confirmed by objective measurement. There are few studies on internipple distance and the internipple index in the early neonatal period. Available literature shows that these measurements vary. [3, 6, 9, 11] Internipple distance varies with gestational age and chronological age, but the internipple index, which is highest in the neonatal period, decreases until 2 4 years of age and then rises to remain almost constant after 18 years in males. [7, 8, 12] Few authors have suggested that an internipple index of >28% in children should be regarded as indicating widely spaced nipples.
Apart from race and ethnicity, [12] methods of measurement and instruments used can also lead to variations in internipple distance. To minimise error, the internipple distance and chest circumference should be measured as close as possible to the end of expiration; failure to do so may result in a falsely high chest circumference and a correspondingly low internipple index.
The mean internipple distance (8.5 cm) in our study was consistent with figures reported in the literature [9, 1215] (Table 3) , and with a study on both term and preterm neonates that evaluated anthropometric measurements as a tool to assess gestation (Dewan et al. -unpublished data, 2012) . However, Kulkarni and Rajendran [16] reported less distance between the nipples than that in our study. The mean internipple index in our study was higher than in the earlier studies, the 97th percentile for internipple index being 30.2%. This may be because our babies were relatively lean (although they all weighed >2 500 g at birth), as a smaller chest circumference increases the internipple index. According to our study, an internipple distance of 9.5 cm or an internipple index of >30% in the neonatal period indicates widely spaced nipples. Internipple distance is directly proportional to gestational age and increases as the pregnancy continues. Kulkarni and Rajendran [16] studied internipple distance in newborn babies from 26 to 42 weeks of gestation and reported a mean internipple distance of 5.17 cm at 28 weeks compared with 7.51 cm at 41 weeks. Similar observations were made by Merlob, [3] Sivan et al. [11] and Fok et al. [14] Our study also found a positive correlation between gestational age and internipple distance, although we included only term newborns from 37 to 41 weeks' gestation, and the majority of our subjects were born at 38 weeks.
Internipple distance and the internipple index were significantly greater in male than female infants in our study, but other authors have not found these measurements to differ according to gender. [3, 5, 9, 10, 12] Chinese male infants had more distance between the nipples than females, but the difference was not statistically significant. [14] 
Conclusions
The 50th percentiles for internipple distance and internipple index in the first week after birth were 8.5 cm and 27.0%, respectively, in term Indian newborn infants of appropriate weight for gestational age. There was a positive correlation between internipple distance and index and weight, length, chest circumference and gestational age.
Nipples situated >9.5 cm apart or with an internipple index >30% (>97th percentile) in the first week of life in term Indian infants may be considered widely spaced. Similarly, an internipple distance <7.3 cm and an internipple index <23.9% (<3rd percentile) may be considered to indicate narrowly spaced nipples.
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